The safety and efficacy of early bacterial prophylaxis with piperacillin-tazobactam were prospectively evaluated in 51 autologous peripheral blood stem cell transplantation (PBSCT) recipients. The results were compared with those obtained in 51 control patients receiving oral fluoroquinolones in a retrospective matched-pair control study. Overall, 76% of the study group and 98% of the control group developed at least one febrile episode during neutropenia (P ¼ 0.002). Time from neutropenia to the first febrile episode (FFE) was significantly longer in the study group than in the control group (P ¼ 0.04). Once a febrile episode appeared, the duration of fever was significantly longer in cases than in controls (median of 5 and 2 days respectively, Po0.001), and led to a more frequent use of empirical amphotericin B (AmB), not statistically significant (P ¼ 0.13). However, the total time of antibiotic administration was significantly greater in the control than in the study group (P ¼ 0.05). The duration of AmB treatment shows a trend toward a longer duration in the control than in study group (P ¼ 0.2). Overall, 86% of the Gram-positive bacteremia and 85% of the Gram-negative bacteria were susceptible to the tested antibiotics. Our study suggests that a subgroup of patients could benefit from prophylaxis with piperacillintazobactam without increasing toxicity or bacterial resistance. Bone Marrow Transplantation (2005) 36, 59-65.
The safety and efficacy of early bacterial prophylaxis with piperacillin-tazobactam were prospectively evaluated in 51 autologous peripheral blood stem cell transplantation (PBSCT) recipients. The results were compared with those obtained in 51 control patients receiving oral fluoroquinolones in a retrospective matched-pair control study. Overall, 76% of the study group and 98% of the control group developed at least one febrile episode during neutropenia (P ¼ 0.002). Time from neutropenia to the first febrile episode (FFE) was significantly longer in the study group than in the control group (P ¼ 0.04). Once a febrile episode appeared, the duration of fever was significantly longer in cases than in controls (median of 5 and 2 days respectively, Po0.001), and led to a more frequent use of empirical amphotericin B (AmB), not statistically significant (P ¼ 0.13). However, the total time of antibiotic administration was significantly greater in the control than in the study group (P ¼ 0.05). The duration of AmB treatment shows a trend toward a longer duration in the control than in study group (P ¼ 0.2). Overall, 86% of the Gram-positive bacteremia and 85% of the Gram-negative bacteria were susceptible to the tested antibiotics. Our study suggests that a subgroup of patients could benefit from prophylaxis with piperacillintazobactam without increasing toxicity or bacterial resistance. Early bacterial infection continues to be an important cause of morbidity and mortality after hematopoietic stem cell transplantation. 1 In spite of the reduction in post transplant aplasia associated with the use of peripheral blood stem cells and myeloid growth factors, more than 80% of patients develop fever and infections that are the leading cause of transplant-related mortality (TRM). [2] [3] [4] The most frequent approach to reducing the incidence of infection is the administration of oral antibiotic regimens, which aim to eliminate aerobic bacteria while maintaining colonization resistance by preserving the anaerobic flora. [5] [6] [7] In neutropenic patients, antibacterial chemoprophylaxis with fluorinated quinolones has reduced the incidence of Gram negative bacteremia. 8 However, quinolones have been associated with increased incidence of viridans streptococci bacteremia [9] [10] [11] and quinolone-resistant aerobic Gram-negative bacilli (GNB) infections. [12] [13] [14] [15] Given the absence of well-demonstrated efficacy of oral prophylactic antibiotics, some centers have tried prophylactic intravenous antibiotics in patients with neutropenia of well-predicted duration, who usually need empiric antibacterial treatment despite oral antibacterial chemoprophylaxis. [16] [17] [18] The aim of this prospective pilot study was to determine whether intravenous piperacillin-tazobactam is feasible as antibacterial prophylaxis, and whether it could reduce infection after autologous peripheral blood stem cell transplantation (PBSCT). After completing the pilot study, we compared the results with those observed in a group of patients who had received standard quinolone prophylaxis, using a matched-pair, case-control comparison design.
Patients and methods

Patients and study drug regimen
Between August 1999 and November 2000, 51 consecutive patients with hematological malignancies or solid tumors undergoing autologous PBSCT in the Haematology and Medical Oncology Department of the University Clinic Hospital of Valencia, were enrolled in a prospective pilot study of intravenous piperacillin-tazobactam antibacterial prophylaxis (Study Group) after hematopoietic transplantation. Inclusion criteria were the following: age 18-70 years, no major organ dysfunction, Karnofsky performance status X80%, no history of allergic reaction to betalactams, no fever or active infection, and at least 7 days free from antimicrobial therapy. Patients were asked to participate in the study and signed informed consent forms. These patients did not receive any oral antibacterial prophylaxis. On the day of hematopoietic transplantation (day 0), intravenous piperacillin/tazobactam (fixed-combination: 4/0.5 g every 8 h) was initiated and maintained until ANCX0.5 Â 10 9 /l. In the case of neutropenic fever, amikacin (15 mg/kg, i.v., every day) was included in the regimen.
Controls and matching variables
A matched-pair control group was obtained by selecting one of the most recently transplanted control patients for each study patient from our historical PBSCT database of patients treated with standard quinolone antibacterial prophylaxis. Controls were individually matched to cases on a 1 : 1 ratio. For purposes of matching, every patient in the study group shared the following pretransplant characteristics with the corresponding patient receiving quinolone prophylaxis (control group): (1) age75 years; (2) sex; (3) Karnofsky performance status X80%; (4) underlying disease and phase of the disease. Matching was by neutropenic episode and not necessarily by individual patient. To avoid any potential selection bias, matching was blinded, and only the patient's initials and pretreatment variables were known.
Upon admission, usually on day À8, the control group started on norfloxacin (400 mg every 12 h p.o.). Quinolone prophylaxis was maintained until the first neutropenic fever appeared, when it was discontinued and broad-spectrum empiric antibiotic therapy consisting of ceftazidime (2 g, i.v., every 8 h) and amikacin (15 mg/kg, i.v., every day) was begun. Treatment was maintained until neutropenia resolved and the patient was afebrile for at least 5 days with no infectious symptoms.
A new febrile episode was defined as the reappearance of a temperature of X381C after an afebrile period of X7 consecutive days, not related to transfusion or infusional reaction to drugs.
General antimicrobial measures
All patients were isolated in single rooms with a high efficiency filtered air (HEPA) system, received low microbial content food and were managed under strict control measures by hospital personnel to reduce nosocomial pathogen acquisition. On admission, surveillance cultures (throat and nose swabs, urine and stool cultures) were taken in order to determine the resident flora and resistance profile, and all patients received oral antiviral (acyclovir, 1200 mg/day) and antifungal prophylaxis consisting of daily fluconazole (200 mg/day). In the case of severe mucositis (4WHO grade 2), both drugs were administered intravenously.
In the case of neutropenic fever without a microbiologically or clinically documented infection persisting more than 4 days despite broad spectrum empiric antibiotics, systemic antifungal therapy was initiated in both groups (study and control patients) with empirical conventional amphotericin B (AmB) (0.5 mg/kg, i.v.). In the case of proven or suspected fungal disease, antifungal therapy with AmB (1 mg/kg, i.v.) was initiated. In the case of infusional reaction, renal toxicity (creatinine X2 mg/dl) or clinical progression of the suspected or proven fungal disease, conventional AmB was substituted by a lipid-associated AmB.
Antibiotic susceptibility testing method
Susceptibility testing was performed either by disk diffusion or broth micro dilution as described by the National Committee for Clinical Laboratory Standards (NCCLS). 19 
Conditioning and supportive treatment
All patients with the same diagnosis received one of the following preparative regimens: cyclophosphamide (Cy) (120 mg/kg) and total body irradiation (TBI) (12 Gy, six fractions); busulfan (Bu) ( ) (CarboPEC). The conditioning regimen was followed by the infusion of cryopreserved peripheral blood apheresis product as the sole source of stem cells. Peripheral blood stem cell collection and processing was carried out by standard G-CSF-based mobilization (filgrastim, Amgen, Thousand Oaks, CA, USA) at a mean dose of 10 mg/kg/day by subcutaneous injection for 5 to 8 days.
G-CSF (filgrastim, 5 m/kg/day by subcutaneous injection) starting on day þ 5 until the ANC was greater than 1 Â 10 9 /l for 3 consecutive days was administered post transplant. Single-donor or random platelet transfusions were administered for a platelet count of less than 10 Â 10 9 /l and RBC transfusion for a hemoglobin level lower than 8.0 g/dl.
Definitions
Engraftment. Blood counts were performed daily until hospital discharge and thereafter, at least once a week for the first 3 months. Granulocyte engraftment was defined as the first of 3 consecutive days with an ANC X0.5 Â 10 9 /l. Platelet engraftment was defined as the first of 3 consecutive days with an unsupported count X20 Â 10 
Study design and parameters analyzed
After completing the pilot study in 51 patients, we performed a pair-matched, case-control single center study.
The main parameters analyzed between groups were: (1) incidence of febrile neutropenia (defined as an axilar temperature 4381C in a patient with therapy-induced neutropenia o0.5 Â 10 9 /l neutrophils); (2) incidence of bacteremia (defined as two or more positive blood cultures for coagulase-negative staphylococci (CNS) or at least one positive blood culture for other Gram-positive bacteria or GNB) during the first febrile episode (FFE) after the infusion of stem cells; (3) incidence of bacteremia by CNS, other Gram-positive organisms, Enterobacteriaceae and other GNB during the FFE; (4) antibiotic susceptibility to piperacillin-tazobactam, fluorinated quinolones and other broad-spectrum antibiotics; (5) duration of the FFE; (6) incidence of fever of unknown origin (FUO), defined as fever without a microbiologically or clinically documented infection; (7) evaluation of the admission time and days of antibiotic-antifungal administration; and (8) empiric or therapeutic use of AmB during the neutropenic period; and (9) incidence of IRD.
Statistical methods
To compare patient characteristics between both groups we used the w 2 test (with the Fisher exact test, where available) for categorical variables. For continuous variables we used the t-test for independent samples with a previous test for equality of variances. When normality for the continuous variables could not be assumed using the corresponding normality test, we used the Mann-Whitney nonparametric test. The level of significance in all cases was set at Po0.05. All analyses were carried out using SPSS statistical software.
Results
Patient characteristics
Study and control group characteristics are listed in Table 1 . There were no significant differences between both groups with respect to pretreatment characteristics, thus indicating the comparability of patients. Table 2 shows the results for all patients and for patients with febrile episodes. Overall, 76% of the study group (piptazo) and 98% of the control group (quinolone) developed at least one febrile episode during neutropenia (P ¼ 0.002). The pattern of appearance of the FFE was somewhat different in both groups. We observed a trend toward an earlier appearance of the FFE in the control group than the study group. In total, 60% of the control group patients had their FFE before the 5th day after the stem cell infusion, whereas 52% of the patients of the study group had their FFE after the 6th day post transplantation (P ¼ 0.08). Moreover, despite a similar duration of neutropenia in both groups, the time from neutropenia to fever was significantly longer in the study than in the control group (median 5 vs 4 days for the study and control groups, respectively) (P ¼ 0.04). However, once a febrile Prophylactic piperacillin-tazobactam in stem cell transplant C Solano et al episode appeared, the duration of fever was significantly longer in cases than in controls, with a median of 5 and 2 days (oP ¼ 0.001), respectively. There were no statistically significant differences in the classification of the FFE or in the type and location of the documented infections (data not shown). Positive blood cultures were documented during the FFE in 21 patients in the pip-tazo group and 20 in the control group (54 vs 40% of the patients who developed a FFE in each group, respectively (P ¼ 0.43)). The incidence of polymicrobial bacteremia was the same in both groups.
Infections
Overall, there were no significant differences in hospital stay between cases and controls, with a median of 25 and 23 days, respectively (P ¼ 0.2). However, the analysis of the number of days on antibiotics revealed a statistically significant difference with medians of 28 days/antibiotic (cases) and 22 days/antibiotic (controls) (P ¼ 0.05).
The use of AmB empirically, despite the fact that they were more frequent in the study group, did not achieve statistical significance (P ¼ 0.13). The analysis of the number of days of AmB administration showed a greater duration in the control group, with a median of 10 days (range 5-16) compared with 7 days (range 4 to 25) in the study group, although statistical significance was not achieved (P ¼ 0.2).
One patient in the study group (2%) died on day 16 post transplant due to pulmonary and retroperitoneal hemorrhage associated with progressive disease without any microbiological documentation.
Patients without febrile neutropenia, both in the study group and in the control group, had no significant differences in pretransplant characteristics compared with the whole group (data not shown). Table 3 shows the isolates observed in the microbiologically documented episodes according to treatment group. There were no differences in the rates of CNS, Staphylococcus aureus or viridans streptococci in either group or in the incidence of Enterobacteriaceae and other GNB. Table 4 shows the antibiotic susceptibilities of isolated bacteria. Most of the isolates showed a high degree of susceptibility. Overall, 85% of all episodes of Grampositive bacteremia were susceptible to the antibiotics tested and there were no significant differences between the study and control groups. The overall rate of susceptible GNB was also high, but it was higher in the study group than in the control group especially with Table 2 Overall results Prophylactic piperacillin-tazobactam in stem cell transplant C Solano et al respect to susceptibility to fluoroquinolones, although the low total number of Gram-negative isolates precludes statistical analysis. In spite of the low number of patients, the quinolone group presented a higher rate of quinolone resistance, as previously described.
Antibiotic susceptibilities of bacterial isolates
All patients
20,21
Response to treatment and toxicity
There was response (definitive disappearance of the responsible microbiological isolate) to the empiric antibiotic combination initiated after development of fever in the control group or the addition of amikacin to piperacillin-tazobactam in patients with microbiological documentation in 12 patients (52%) and 10 patients (43%), respectively, at 72 h of treatment; in 19 patients (83%) and 20 patients (87%), respectively, at 7 days; in 22 patients (96%) and 23 patients (100%), respectively, at the end of treatment.
Given that patients treated with hematopoietic transplantation can exhibit significant side effects related with chemotherapy and support treatment, patients were evaluated daily using the WHO (World Health Organization) Toxicity Criteria. No significant differences were detected between the study and the control groups in any of the categories analyzed. Particularly, no cases of drug fever, cytopenias, nephrotoxic or allergic reactions potentially related to the prophylaxis were identified. Four patients in the Study Group and five patients in the Control Group presented mild (WHO grade 1 or 2), transient transaminase elevations during treatment period were interpreted as possibly related to the prophylactic treatment because of temporal association without coadministration of other well-know hepatotoxic drugs.
Discussion
Infection is one of the most common life-threatening complications of hematopoietic transplantation. Half of all infectious complications occur during the first 4-6 weeks following hematopoietic grafting, and most of them are bacterial in origin. [1] [2] [3] [4] In spite of prophylaxis with oral antibiotics (mainly fluoroquinolones) used by some groups, most of the patients (90-100%) who receive myeloablative hematopoietic transplantation develop fever 22 and need initiating empirical antibiotic therapy that usually continues until neutropenia resolves. The use of empirical intravenous antibiotic therapy may actually prevent subsequent infections as reported in some studies by Table 3 Pathogens isolated in patients with bacteremia during FFE, according to treatment group All patients Study group patients (Pip-Tazo) Control group patients (Quinolone)
Gram-negative bacteremia (% of isolates)
CNS ¼ coagulase-negative staphylococci; NS ¼ not significant. This observation and the limited overall effectiveness of quinolone prophylaxis led some investigators to study the use of prophylactic intravenous antibiotic after hematopoietic transplantation, both in patients admitted to hospital 16, 17, 24 and in outpatients receiving autologous transplantation.
18,25-28 Avril et al 16 prospectively studied 60 children treated for solid tumors with high-dose chemotherapy followed by bone marrow transplantation, who were randomly assigned to receive prophylaxis consisting of ceftazidime plus teicoplanin beginning before the onset of aplasia and fever (group A) or exactly the same antibiotic regimen but beginning at the onset of fever (group B). They observed a reduction in the incidence of septicemia (6.6 vs 24%) in group A, mainly due to the prevention of episodes of early onset. Similarly, the appearance of the first episode of fever was delayed in group A, and the overall duration was reduced. Kroschinsky et al 17 analyzed in a pilot study 50 patients undergoing autologous or allogeneic stem cell transplantation, who received a prophylactic antibacterial treatment with intravenous piperacillin/tazobactam beginning on day of stem cell infusion. They were analyzed retrospectively for frequencies of FUO, documented infection, bacteremia and death because of infection. Data from microbiological monitoring and tolerability were evaluated. Compared to oral decontamination and chemoprophylaxis, an intravenous prophylactic with this regimen was considered effective and well-tolerated in prevention of bacterial infections and related complications.
These preliminary studies suggested that the approach could be effective in preventing early bacterial infections related complications and cost-effective in this special setting of neutropenia of intermediate and well-predicted duration.
Piperacillin-tazobactam is a broad-spectrum antibiotic with an excellent antibacterial activity and safety profile, which is frequently used to treat febrile neutropenia in the high-risk patient. 22, 29 Our results demonstrate that systemic bacterial prophylaxis with piperacillin-tazobactam after hematopoietic transplantation is feasible and, when retrospectively compared with controls, they suggest modification of the usual pattern of infection. The reduction in the frequency of neutropenic fever (Figure 1 ) together with the earlier presentation of the FFE and the shorter duration of fever once it appeared suggest an effect of the systemic prophylaxis on the earliest bacterial infections after transplant, regardless of the level of neutropenia.
There were no significant differences in the classification of the FFE or in the location, microbiological documentation or incidence of infection-associated shock. The early TRM (100 days) was very low (2%) with no IRD.
The susceptibility analysis detected an increased incidence of fluoroquinolone-resistant strains in the control group along with a possible crossresistance to other antibacterial agents of unrelated classes such as betalactams, as previously reported, 20 although the low number of isolates precluded statistical analysis. In the study group, bacterial isolates did not show such a resistance pattern.
In the study group a nonsignificant higher incidence of empirical use of AmB was observed, probably reflecting the longer duration of the FFE once it appeared. However, the duration of this AmB treatment was shorter in the study group than in the control group. This finding, together with the absence of documented fungal infection, suggests that, at least in this group of patients, systemic prophylaxis did not represent a risk factor for significant invasive fungal infections, one potential risk of a prolonged use of broadspectrum antibiotics.
The analysis of the most important infection-related parameters, and the subset of patients without fever, did not suggest a greater benefit in one set than another.
In summary, although it cannot be considered a standard approach, our study suggests that systemic prophylaxis with piperacillin-tazobactam can be effective in preventing early bacterial infections and related complications in this special setting of neutropenia of intermediate and wellpredicted duration associated with hematopoietic stem cell transplantation in patients with solid tumors or hematological malignancies. The absence of detection of an increased incidence of beta-lactam or crossresistance in this study should not obviate concern over the emergence of resistant strains. On the contrary, close monitoring and antibiotic rotation should remain priority issues.
The efficacy and absence of drawbacks shown in this particular setting is probably not applicable to other patient populations with neutropenia of long duration such as those being treated with induction or consolidation chemotherapy for acute leukemia. Whether this observation can be reproduced in prospective randomized studies, will determine the clinical and epidemiological relevance of this treatment in patients at high risk of severe infection. Prophylactic piperacillin-tazobactam in stem cell transplant C Solano et al
